Studies in the Biochemistry of Skin. I. Respiration of Adult Rat Epidermal Tissue**From the Department of Biochemistry, Duke Medical Center, Durham, N.C.  by Rosett, Theodore & Fogg, Joseph B.
STUDIES IN THE BIOCHEMISTRY OF SKIN. I. RESPIRATION
OF ADULT RAT EPIDERMAL TISSUE*
THEODORE ROSETT, Pis.D. AND JOSEPH B. FOGG
Although the metabolism of skin has been the
subject of numerous studies, the predominant
pathway of glucose metabolism remains a source
of controversy. Several investigators have studied
this problem in respiring skin preparations.
Other laboratories have attempted to utilize
skin respiration for the evaluation of reagents
or physical condition in whole animal systems.
Adams (1) found a correlation in the respira-
tion of rat skin slices in normal and vitamin
deficient rats. Paul (2) was able to equate skin
respiration and the extent of wound healing
in rats.
Barron (3) measured the respiration of human
and rat skin slices which would utilize pyruvate
and succinate as substrate but not citrate or
aKG. Griesemer and Gould (4, 5) studied the
respiration of homogenates of adult rat skin and
found that added cofactors and Krebs cycle
intermediates stimulate 02 uptake. Cruickshank
(6) used guinea-pig ear skin slices and noted
stimulation of respiration by Krebs cycle in-
termediates and glucose, but that the velocity
of 02 uptake was independent of glucose con-
centration. Liebsohn (7) found that the QOi
of human skin slices was elevated by glucose
whereas Gilbert (5) noted the QOi of cattle ear
slices was depressed by added glucose.
In these studies the chief difficulty has been
the extremely low order of oxygen uptake by
adult skin preparations. The measured QOi
is generally less than 1, whereas the Q02 of
liver tissue can be as high as 20. This low order
of respiration appears to be a reason for the
lack of published stoiehiometry between oxygen
uptake, substrate disappearance, and phosphate
disappearance in the various preparations that
have been studied. Of necessity, therefore, many
of these studies have been largely concerned with
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the stimulation of oxygen uptake by the addition
of substrate as measured in the Warburg res-
pirometer.
METHOD
Skin Preparations
We have attempted to raise the QOi of various
skin preparations by the addition of substrate and
to fractionate these skin preparations. In the
experiments which follow white male Wistar
strain rats weighing 250 gms. obtained from the
Charles River Breeding Laboratories were used.
Initial attempts to obtain epidermal prepara-
tions by the use of trypsin on rat skins were unsuc-
cessful. The technic of Blank €1 al. (9) utilizing a
surgical keratotome proved successful in obtaining
epidermal slices. However, this technic proved to
be extremely time-consuming. We have utilized a
modification of the method of Griesemer and
Gould (4) to obtain epidermal slices from rat
skin. Hats are killed and skinned in the conven-
tional manner. The rectangular skin section is
stretched on a board over a dampened piece of
cellulose sponge. The skin is shaved with an
electrical small animal clipper, and then mois-
tened with glycerol. The skin section is then
shaved with a safety razor and a length of pres-
sure tubing is inserted between the sponge and
the skin, giving a semi-cylindrical raised section
about 15 mm. in diameter (figure 1). A Gillette
adjustable safety razor, fitted with a super blue
blade and set to number 3 is pressed on one end of
the section (Figure 2) and quickly drawn along
the length of the raised section (Figure 3). By
alternately slicing and moving the pressure tub-
ing, an entire rat skin may be quickly denuded of
epidermis and the slices so obtained contain 50%
or more epidermal tissue (Figure 4). Between 1
and 2 gm. of tissue may be obtained from a single
rat. The skin slices are chilled and minced by a
pair of surgical scissors, homogenized with buffer
in a loosely-fitting conical glass homogenizer
driven by a high-torque motor and then rehomog-
enized in a close fitting conical glass homogenizer.
All manipulations subsequent to removal of skin
slices carried out between 0/5° C.
Assay
Aminco 18 place Warburg respirometers were
used for the assay. The flasks were 15 ml., single
side arm flasks. Enzyme preparations and cofac-
tors were placed in the main space, 20% KOH,
0.2 ml and filter paper in the center well; sub-
strate, chloramphenicol, 200 y and buffer in the
' FIG. 1, Shaved rat skin stretched Ofl sponge
covered board—pressure tubing inserted.
FIG. 3. Skin slice being removed from adjust-
able safety razor.
side arm to a volume of 0.5 ml. Total volume of
liquid in the flask, 2.2 ml. Flask constants were
1.0 .2. After addition of enzyme, flasks were
equilibrated for s mm. with air as the gas phase,
the stop cocks closed, equilibrated for another
5 mm., readings taken, and the side arm contents
tipped in. All incubations were carried out at
37°. All cofactors, substrates, and other addi-
tions were neutralized to pH 7.4 in the buffer
used in the experiment.
RESULTS
Epiderma] homogenates prepared in the man-
ner described exhibited extremely low respira-
tory activity. Oxygen uptake by such prepara-
tions could be stimulated by the addition of
aKG, GSH, ADP and DPN. In the presence
of all of the cofactors, however, added substrate
FIG. 4. Photomicrograph of skin section ob-
tained by adjustable safety razor procedure.
had no stimulatory effect (Experiment 1, Figures
5 and 6).
Cell 'debris' could be centrifuged down with
very little loss of activity from the supernatant;
addition of substrate to this preparation again
failed to stimulate 02 uptake beyond the en-
dogenous rate.
Experiment 2 (Figure 7): Epidermis 3.2 gm.,
homogenized in K phosphate buffer, 0.05M,
pH 7.4, 16 ml. An S ml. portion was centrifuged
at 3000 xg for 15 mm.; the 3.5 ml. supernatant
was decanted and diluted to a volume of 6.5 ml.
with buffer. Dialysis of this supernatant fraction
resulted in no loss of activity; endogenous respira-
tion was extremely low, and addition of substrate
gave a stimulation of 02 uptake.
Experiment 3 (Figure 5): Epidermis, 6.4 gm.,
was homogenized in 45 ml. K phosphate buffer,
0.05M, pH 7.4, centrifuged at 3500 xg for 15
mm. The supcrnatant was dialyzed for 16 hrs.
against 3.5 liters of continuously running K
phosphate buffer, 0.05M, pH 7.4, containing
OSH, 10—5M.
With inorganic phosphate largely eliminated
from the skin preparations by dialysis, it was
possible to demonstrate the dependence of 02
uptake on the presence of added inorganic phos-
phate.
Experiment 4 (Figure 9): Epidermis, 10 gin.,
was homogenized in 40 ml. Tris-HC1 buffer,
0.05M, pH 7.4, and centrifuged at 3200 xg
for 15 mm. The supernatant was dialyzed for 15
hrs. against 3.5 liters continuously running
396 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 2. Adjustable safety razor in position to
begin cut.
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FIG. 5. Experiment 1. Effect of added cofactors on 02 uptake of epidermal homogenates: 1. Homoge-
nate alone 1.0 ml.; 2. Homogenate + aKG, 10 pmoles; 3. Homogenate + GSH, 1 ,mo1e; 4. Homogenate
+ ADP, 1 ,hmole; 5. Homogenate + DPN, 1 mo1e.
FIG. 6. Experiment 1. Effect of cofactors and substrate on 02 uptake of epidermal homogenates:
6. Homogenate + aKG, 10 /Lmoles + GSH, 1 umole; 7. Homogenate + aKG, 10 moles + GSH, 1 amole
+ ADP, 1 mole; 8. Homogenate + aKG, 10 imoles + GSH, 1 mole + ADP, 1 mole + DPN, 1 ,mole.
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FIG. 7. Experiment 2. Oxygen uptake by supernatant fraction of epidermal homogenate: 1. Homoge-
nate, 1 ml; 2. 1 + aKG, 10 mo1es, GSH, 1 /hmole, ADP, 1 j2moIe, DPN, 1 ,imole; 3. Supernatant, 1 ml;
4. Supernatant, 1 ml. + aKG, 10 /Lmoles + GSH, 1 pmole + ADP, 1 ,zmole + DPN, 1 imoIe.
FIG. 8. Experiment 3. Effect of dialysis on supernatant fractions: 1. Dialyzed supernatant, 1 ml.;
2. 1 + aKG, 10 ,hmoles; 3. 1 + glucose, 10 moles, succinate, 10 imoles; 4. 1 + GSH, 1 pmole; 5. 1 +
ADP, 1 Mmole; 6. 1 + DPN, 1 ,Lmole; 7. 1 + GSH, 1 izmole, ADP, 1 Jhmole, DPN,1 mole, aKG, 10
,moles; 8. 1 + GSH, 1 ,mole, ADP, 1 pmole, DPN, 1 pmole, glucose, 10 ,Lmoles, succinate, 10 moles.
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Tris-HC1 buffer, 0.05M, pH 7.4, containing
GSH 10M.
It may also be demonstrated with such dialyzed
preparations that the velocity of 02 uptake is
proportional to the concentration of added
substrate.
Experiment 5 (Figure 10): Epidermis, 12.5
gm., was homogenized in 26 ml. Tris-HC1 buffer,
0.05M, pH 7.4, and centrifuged at 1200 xg
for 15 mm.; the precipitate was rehomogenized
with 24 ml. buffer and again centrifuged. Super-
natants were combined and dialyzed for 18 hrs.
against 3.5 liters of continuously running Tris-
HCI buffer, 0.05M, pH 7.4, containing Thio-
ethanol 10—5M. Final volume of dialyzed super-
natant was 32 ml.
It was possible to concentrate the activity of
the supernatant fraction by precipitation with
ammonium sulfate. Most of the activity pre-
cipitated between 0-50% saturation.
Experiment 6 (Figure 11): Epidermis, 8 gm.,
was homogenized with 65 ml. K phosphate buffer,
0.05M, pH 7.4, and centrifuged at 3200 xg for
15 mm. The precipitate was rehomogenized in
same volume of buffer and recentrifuged twice.
The three supernatants were combined and
incubated with Polidase, 0.1%, for 30 mm. at
370 C. The solution was cooled, stirred and
ammonium sulfate added up to 25% saturation.
The suspension was centrifuged at 2500 xg
for 15 mm. The supernatant was decanted, stirred
and ammonium sulfate added up to 50% satura-
tion and the suspension again centrifuged at
2500 xg for 15 mill. Buffer, 6 ml., was added to
each precipitate, and all solutions were dialyzed
18 hrs. against 4 liters of continuously running
K phosphate buffer, 0.05M, pH 7.4, containing
GSH 10-5M.
An additional fraction can be prepared which
sediments between 3200 xg and 35,000 xg. When
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FIG. 9. Experiment 4. Dependence of 02 uptake on presence of inorganic phosphate and substrate:
1. Dialyzed supernatant, 1 ml. + ADP, 1 mole + GSH, 1 mo1e + DPN, 1 jhmole + inorganic phosphate,
5moles; 2. Dialyzed supernatant, 1 ml., + ADP, 1 mole + DPN, 1 amole + GSH, 1 ,mole + glucose,
10 jimoles; 3. Dialyzed supernatant, 1 ml. + ADP, 1 ,mole + DPN, 1 jimole + GSH, 1 /hmole + in-
organic phosphate, 5 ,moles + glucose, 10 moIes.
FIG. 10. Experiment 5. Velocity of 02 uptake as a function of substrate concentration: 1. Dialyzed
supernatants, 1 ml., thioethanol, 1 hinole, ADP, 1 JLmole, DPN, 1 mole, inorganic phosphate, 5 imoles;
2. 1 + glucose, .4 /Lmoles; 3. 1 + glucose, 2 imoles; 4. 1 + glucose, 10 jzmoles.
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FIG. 11. Experiment 6. Activity of ammonium sulfate precipitates of supernatant fractions: 1. 0/25%
fraction, 1 ml. + GSH, 1 Mmole + ADP, 1 pmole + DPN, 1 pmole; 2. 1 + aKG, 10 ,imoles; 3. 1 + glu-
cose, 10 pmoles; 4. 25—50% fraction + GSH, 1 pmole, + ADP, 1 pmole + DPN, 1 pmole; 5. 4 + pyruvate
10 pmoles; 6. 4 + glucose, 10 emoles.
FIG. 12. Experiment 7. Activity of A 35,000 xg fraction of supernatant: 1. Homogenate, 1 ml. + GSH,
1 tzmole + ADP, 1 pmole + DPN, 1 pmole, + glucose, 10 pmoles. 2. 35,000 xg precipitate + dialyzed
supernatant, 1 ml. + GSH, 1 pmole + ADP, 1 zmole, + DPN, 1 iimole; 3. 2 + glucose, 10 pmoles.
combined with 35,000 xg supernatant and
dialyzed, such preparations also exhibited good
respiratory activity.
Experiment 7 (Figure 12): Epidermis, 10 gm.,
was homogenized with 80 ml. K phosphate
buffer, 0.05M, pH 7.4, and centrifuged at 3200
xg for 15 mm. The precipitate was rehomogenized
with 40 ml. buffer and reeentrifuged twice at
3200 xg for 15 mi Supernatants were combined
and centrifuged at 35,000 xg for 30 mm.; the
precipitate was mixed with 5 ml. of the super-
natant and dialyzed for 18 hours against 4 liters
of continuously running K phosphate buffer,
0.05M, pH 7.4, containing GSH 10—74. Present
studies are directed at determining the nature
of the 35,000 xg precipitate.
Dry weight of supernatant fractions, where
determined, were approximately 0.010 gm.
per ml., giving QOl's as high as 4.
Thioethanol (2-mereaptoethanol) was a satis-
factory substitute for GSH; its rate of autoxida-
tion being somewhat less than that of GSH.
O Uptake
Cofactors Substrates
Stimu-
lates
No
effect
GSH X
2-mereapto ethanol X
ADP X
DPN X
Inorganic phosphate X
FAD X
Coenzyme A X
—811 + ADP + DPN Pyruvate X
+ Pi
—811 + ADP + DPN Glucose X
+ Pi
—811 + ADP + DPN eRG X
+ Pi
—811 + ADP + DPN Glyox- X
+ Pi alate
TPN X
FIG. 13. Effect of various additions on extracts
of adult rat skins.
Time —'-Minutes
400 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
SUMMARY AND DISCUSSION
Homogenates and fractions obtained therefrom
by centrifugation and salt fractionation have
been prepared from adult rat skin. These were
stable to dialysis and exhibited respiratory re-
sponse to added substrate when various co-
factors are present. With such partially purified
preparations, substrates such as glucose and
aKG, which have previously been reported to
be ineffective (3) or inhibitory (8), actually
stimulated respiration.
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